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(54) {Title of the Invention} Solid high polymer electrolyte fuel battery 
(57) {Summary} 

{Purpose} To provide a solid high polymer electrolyte fuel battery in which the 
temperature distribution is easily made uniform in the direction of layering of the unit fuel 
batteries. 

{Structure} The solid high polymer electrolyte fuel battery (stack) 1 differs 
from the conventional example in that exothermic bodies 2, in which the 
electrical current output from the stack 1 flows in the direction of thickness, are 
in the form of a thin sheet, and moreover, are sandwiched between a collector 
sheet 91 and the unit fuel battery 6 that is adjacent to this collector sheet 91. The 
exothermic bodies 2 are such that a thin sheet of electrothermic alloy material, 
whose volume resistivity is 1.0-1.5 fxQ-m, is formed having the same surface area 
as the surface area direction dimension of the oxidizer electrode and fuel 
electrode of the unit fuel battery 6, and the thickness of the exothermic bodies 2 
is determined by the current output from the stack 1 such that the joule heat 
value produced by the exothermic bodies 2 is a value that corresponds to the 
heat quantity radiated from the ends in the layered direction of the stack 1; 
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{Scope of the Patent Claims} 

{Claim 1} In a solid high polymer electrolyte fuel battery that has multiple 
unit fuel batteries that have a fuel battery cell that generates DC power by 
receiving a supply of fuel gas and oxidizer gas, and a pair of separators in which 
gas flow channels are formed for supplying fuel gas or oxidizer gas to the fuel 
battery cell and are arranged opposite the two main faces of the fuel battery cell, 
and these unit fuel batteries are made into a layered body of unit fuel batteries in 
which adjacent unit fuel batteries are layered with each other such that the side 
face on the reaction gas passage channel side of one separator is located opposite 
the side face on the reaction gas passage channel side of the separator of an 
adjacent unit fuel battery; and that has collector sheets made of electrically 
conductive material in contact with the outside faces of the separators located on 
at least both ends of the layered body of unit fuel batteries; and electrical 
insulation sheets of these collector sheets that are made of electrically insulating 
material and are in contact with the outside faces of the collector sheets located at 
least on both ends of the layered body of unit fuel batteries; and pressurizing 
sheets of these electrically insulating sheets that provide pressure force to the 
layered body, collector sheets and electrical insulation sheets of the unit fuel 
batteries in the direction of layering, and that are in contact with the outside faces 
of the electrical insulation sheets located on at least the two ends of the layered 
body of unit fuel batteries; and piping connectors for cooling fluid provided in 
locations to supply and locations to drain cooling fluid that removes heat 
generated by the fuel battery cell; and the cooling fluid that removes heat 
generated by the fuel battery cell is supplied from outside the layered body of 
unit fuel batteries via a piping connector for supply of the cooling fluid, and after 
cooling the unit fuel batteries, is drained to outside the layered body of unit fuel 
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batteries via a piping connector for drainage of the cooling fluid; a solid high 
polymer electrolyte fuel battery characterized in that exothermic bodies heated 
by the electrical current output by the solid high polymer electrolyte fuel battery 
are formed at locations on the collector sheets that are in contact with the outside 
faces of the separators located at least on the two ends of the layered body of 
unit fuel batteries. 

{Claim 2} In the solid high polymer electrolyte fuel battery as stated in Claim 
1, a solid high polymer electrolyte fuel battery characterized in that the 
exothermic bodies formed at locations on the collector sheets are exothermic 
bodies made of resistive material in the form of thin sheets sandwiched between 
the layered body of unit fuel cells and the collector sheets. 

{Claim 3} In the solid high polymer electrolyte fuel battery as stated in Claim 
1, a solid high polymer electrolyte fuel battery characterized in that the 
exothermic bodies formed at locations on the collector sheets are collector sheets 
made of resistive material. 

{Claim 4} In a solid high polymer electrolyte fuel battery that has multiple 
unit fuel batteries that have a fuel battery cell that generates DC power by 
receiving a supply of fuel gas and oxidizer gas, and a pair of separators in which 
gas flow channels are formed for supplying fuel gas or oxidizer gas to the fuel 
battery cell and are arranged opposite the two main faces of the fuel battery cell, 
and these unit fuel batteries are made into a layered body of unit fuel batteries in 
which adjacent unit fuel batteries are layered with each other such that the side 
face on the reaction gas passage channel side of one separator is located opposite 
the side face on the reaction gas passage channel side of the separator of an 
adjacent unit fuel battery; and that has collector sheets made of electrically 
conductive material in contact with the outside faces of the separators located on 
at least both ends of the layered body of unit fuel batteries; and electrical 
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insulation sheets of these collector sheets that are made of electrically insulating 
material and are in contact with the outside faces of the collector sheets located at 
least on both ends of the layered body of unit fuel batteries; and pressurizing 
sheets of these electrically insulating sheets that provide pressure force to the 
layered body, collector sheets and electrical insulation sheets of the unit fuel 
batteries in the direction of layering, and that are in contact with the outside faces 
of the electrical insulation sheets located on at least the two ends of the layered 
body of unit fuel batteries; and piping connectors for cooling fluid provided in 
locations to supply and locations to drain cooling fluid that removes heat 
generated by the fuel battery cell; and the cooling fluid that removes heat 
generated by the fuel battery cell is supplied from outside the layered body of 
unit fuel batteries via a piping connector for supply of the cooling fluid, and after 
cooling the unit fuel batteries, is drained to outside the layered body of unit fuel 
batteries via a piping connector for drainage of the cooling fluid; a solid high 
polymer electrolyte fuel battery characterized in that the collector sheets have 
heating means heated by the cooling fluid of which the temperature has been 
raised by cooling the unit fuel batteries. 

{Claim 5} In the solid high polymer electrolyte fuel battery as stated in Claim 
4, a solid high polymer electrolyte fuel battery characterized in that the heating 
means of the collector sheets are flow passages for cooling fluid, formed inside 
the collector sheets, through which flows cooling fluid of which the temperature 
has been raised by cooling of the unit fuel batteries. 

{Detailed Explanation of the Invention} 

{0001} 

{Industrial Field Of Us } This invention pertains to solid high polymer 
electrolyte fuel batteries, and pertains to their structure which has been 
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improved such that the temperature distribution of the fuel battery cells of the 
unit fuel batteries in the direction of layering of the unit fuel batteries is easily 
made uniform. 
{0002} 

{Prior Art} Various types of fuel batteries are known, which differ depending 
on the type of electrolyte used, such as those of the solid high polymer 
electrolyte type, phosphoric acid type, fused calcium carbonate type, solid oxide 
type and so forth. Among these, solid high polymer electrolyte fuel batteries 
make use of the fact that when a high polymer resin film that has proton 
(hydrogen ion) exchange radicals in its molecules is saturated with water, it 
exhibits low resistivity, and it functions as a proton-conducting electrolyte. As 
high polymer resin films (referred to below as "solid high polymer electrolyte 
films" or abbreviated as "PE films") that have proton exchange radicals in their 
molecules, those in which polystyrene-based cation exchange film that has 
sulfonic acid radicals is used as a cation conductive film, or perfluorosulfonic acid 
resin films (for example, product name Nafion made by Dupont) are used. 
When these solid high polymer electrolyte films (PE films) are saturated with 
water, they exhibit resistivity below 20 Q-cm at room temperature, and they 
function as proton-conducting electrolytes. 

{0003} In a solid high polymer electrolyte fuel battery, a fuel electrode (the 
anode) and an oxidizer electrode (the cathode) are arranged sandwiching this PE 
film, and fuel gas (for example, hydrogen or gas that contains hydrogen in high 
concentration) is supplied to this fuel electrode, and an oxidizer gas (for example, 
air) is supplied to the oxidizer electrode. In the fuel electrode and oxidizer 
electrode, a three-phase boundary is formed between the gas phase (fuel gas or 
oxidizer gas), the liquid phase (solid high polymer electrolyte) and the solid 
phase (catalysts of the fuel electrode and oxidizer electrode), and the 
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electrochemical reaction shown below occurs, thereby generating DC power. 
That is, the reaction of equation (1) occurs in the fuel electrode. 

{0004} 
{Equation 1} 

H 2 -» 2H + + 2e" (1) 
Also, the reaction of equation (2) occurs in the oxidizer electrode. 
{0005} 
{Equation 2} 

(l/2)0 2 + 2H + + 2e H 2 0 (2) 

As a result of this reaction, the H + ions (protons) generated by the fuel 
electrode move in the PE film toward the oxidizer electrode, and the e" (electrons) 
generated by the fuel electrode move from the fuel electrode to the oxidizer 
electrode, passing through a load not shown in the diagram connected between 
the fuel electrode and oxidizer electrode. On the other hand, in the oxidizer 
electrode, the H + ions that moved in the PE film from the fuel electrode and the e" 
that moved through the load react, and water (H 2 0) is generated. 

{0006} Figure 6 is a side-view cross-sectional diagram that schematically 
shows, in the exposed state, the important parts of a general example of a unit 
fuel battery that performs the above operations. Figure 7 is an oblique diagram 
that schematically shows the unit fuel battery of Figure 6 in the exposed state, 
and Figure 8 is a diagram of a separator of the unit fuel battery seen from the 
direction of arrow P in Figure 6. 

{0007} In Figures 6-8, 6 is a unit fuel battery (referred to below as "unit 
battery") constructed of a fuel battery cell 7 and separators 61 and 62 arranged 
on its two main surfaces opposing each other. The fuel battery cell 7 is 
constructed of a PE film 7C as the electrolyte layer, a fuel electrode 7A, and an 
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oxidizer electrode 7B, and it has the function of generating DC power as 
described above. Also, the PE film 7C has a thickness dimension of about 0.1 
mm, and it has an external dimension in the surface direction that is larger than 
the external dimension in the surface direction of electrode films 7 A and 7B. 
Therefore, on the periphery of the electrode films 7 A and 7B, there is an exposed 
surface of the PE film 7C 

{0008} The fuel electrode 7 A is layered in direct contact with one of the main 
surfaces of the PE film 7C, and it is the electrode that receives supply of fuel gas. 
Also, the oxidizer electrode 7B is layered in direct contact with the other main 
surface of the PE film 7C, and it is the electrode that receives supply of oxidizer 
gas. The outer side face of the fuel electrode 7A is one of the side faces 7a of the 
fuel battery cell 7, and the outer side face of the oxidizer electrode 7B is the other 
side face 7b of the fuel battery cell 7. The fuel electrode 7A and oxidizer electrode 
7B both have an electrode base and a catalyst layer that contains a catalytic 
substance, and they are generally attached to the two main surfaces of the PE 
film 7C by hot press on the side toward the aforementioned catalyst layer. The 
electrode base supports the catalyst layer, and also supplies and drains reaction 
gas (below, this is a general name for both fuel gas and oxidizer gas), and it uses 
carbon paper, for example, as a porous sheet that functions as a collector. In 
many cases the catalyst layer is formed from fine-particle platinum catalyst and 
fluororesin that is water-repellent. Moreover, it is also possible to perform 
catalysis over a wide area with respect to the reaction gas by making it so that 
many pores are formed in the layer. Also, the thickness dimension of the fuel 
battery cell 7, which is a combination of the fuel electrode 7A, PE film 7C and 
oxidizer electrode 7B, is approximately 1 mm in many cases. 

{0009} Also, through-holes 71 formed in the exposed surface of the PE film 7C 
are formed opposite through-holes 615A and 616A provided in the separator 61 
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and through-holes 625A and 626A provided in the separator 62, and they are 
holes that make up part of the flow passage of the reaction gas. Similarly, 
through-holes 72 formed in the exposed surface of the of the PE film 7C are 
formed opposite through-holes 613B and 614B provided in the separator 61 and 
through-holes 623B and 624B provided in the separator 62, and they are holes 
that make up part of the flow passage of the cooling fluid 99 described below. 

{0010} Incidentally, in the fuel battery cell 7, when DC power is generated by 
the electrochemical reaction shown in the aforementioned equation (1) and 

equation (2), because this reaction is an exothermic reaction, it is unavoidable } 

i 

that heat is generated with about the same value as the DC power that is J 
generated. For this reason, not only do separator 61 and separator 62 supply 
reaction gas to the fuel battery cell 7, they also serve the purposes of extracting 
from the fuel battery cell 7 the DC power generated by the fuel battery cell 7, as 
well as removing the heat generated by the fuel battery cell 7 following the 
generation of DC power. 

{0011} The side face 61a of the separator 61 directly contacts the side face 7a of 
the fuel battery cell 7 and the side face 62a of the separator 62 directly contacts 
the side face 7b of the fuel battery cell 7, so as to sandwich the fuel battery cell 7. 
The separators 61 and 62 are manufactured using materials that are impermeable 
to gas and have good thermal conductivity and good electrical conductivity (for 
example, carbon, metals and the like). 

{0012} As a means that supplies reaction gas to the fuel battery cell 7, the 
separators 61 and 62 each have channels for gas flow. That is, on the side of the 
side surface 61a that contacts the side face 7a of the fuel battery cell 7, the 
separator 61 has multiple concave channels (gas flow channels) 611 A that have 
spaces through which fuel gas flows and fuel gas that contains unconsumed 
hydrogen is drained, and convex barriers 612A interposed between these 
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channels 611 A in an alternating manner. On the side of the side face 62a that 
contacts the side face 7b of the fuel battery cell 7, the separator 62 has multiple 
concave channels (gas flow channels) 621A that have spaces through which 
oxidizer gas flows and oxidizer gas that contains unconsumed oxygen is drained, 
and convex barriers 622A interposed between these channels 621A in an 
alternating manner. Furthermore, the heads of the convex barriers 612A and 
622A, respectively, are formed such that they are the same surface as the side 
faces 61a and 62a, of the separators 61 and 62, respectively. 

{0013} The two ends of the channels 621A formed in the separator 62 connect 
to channels 624A and 624A, with these channels 621A lined up alternately. On 
the ends of these channels 624A and 624A, a pair of through-holes 625A and 
625 A are formed on the side of the side face 62b, which is opposite the side face 
62a. Also, on the separator 62, a pair of through-holes 626A and 626A, which 
connect the side face 62a with the side face 62b, are formed in locations so as to 
have an alternating positional relationship with the through-holes 625A and 
625A. Channels 621A, channels 624A and through-holes 625A constitute the gas 
flow passage through which oxidizer gas flows in the separator 62. 

{0014} Also, through-holes 615A and 615A and through-holes 616A and 616A 
are formed on the separator 61 as well. That is, the two ends of the channels 
611 A formed on the separator 61 connect to channels of the same type as 
channels 624A and 624A in the case of the separator 62. On the ends of these 
channels (which have the same shape as 624A), through-holes 615A and 615A are 
formed on the side of the side face 61b, which is opposite the side surface 61a. 
The through-holes 616A and 616A connect the side face 61a with the side face 
61b, and are formed in locations so as to have an alternating positional 
relationship with the through-holes 615 A and 615 A, as shown in Figure 7(a). 
Channels 611A, the aforementioned channels (which have the same shape as 
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624A) and through-holes 615A constitute the gas flow passage through which 
fuel gas flows in the separator 61. 

{0015} In addition, 73 is a gas seal (for example, an O-ring) made of an elastic 
material that serves the purpose of preventing leakage of the reaction gas that 
flows in the aforementioned gas flow passage to outside the gas flow passage. 
Gas seals 73 are housed in concave channels 619 and 629 formed on the 
periphery of the locations where the channels 611A and 624A and the channels of 
the same shape as channels 611 A and 624A of the separators 61 and 62, 
respectively, are formed. Furthermore, although that which is shown in the 
diagram is abridged, there are concave channels for housing gas seals (for 
example, O-rings) made of an elastic material that serve the purpose of 
preventing leakage of the reaction gas from these locations to outside the gas 
flow passage. These gas seals are wrapped around the openings to the side face 
61b of the through-holes 615A and 616A and the openings to the side face 61a of 
616A of the separator 61, and it is wrapped around the openings to the side face 
62b of the through-holes 625A and 626A and the openings to the side face 62a of 
626A of the separator 62. 

{0016} Also, as a cooling means for removing heat generated by the fuel 
battery cell 7 from the fuel battery cell 7, the separators 61 and 62 have channels 
through which a cooling fluid 99 passes. That is, on the side face 62b of the 
separator 62, two concave channels 621B (channels for flow of cooling fluid 99) 
are formed, through which the cooling fluid 99 passes. On both ends of each 
channel 621B, a pair of through-holes 623B and 624B that opens to the side face 
62a is formed. Channels 621B and through-holes 623B and 624B constitute the 
cooling means through which cooling fluid 99 flows in the separator 62. Also, in 
the separator 61, similar to the separator 62, two concave channels 611B 
(channels for flow of cooling fluid 99) are formed on the side face 61b. On both 
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ends of each channel 61 IB, a pair of through-holes 613B and 614B opens to the 
side face 61a. On both ends of each channel 611B, a pair of through-holes 613B 
and 614B that opens to the side face 61a is formed. Channels 61 IB and through- 
holes 613B and 614B constitute the cooling means through which cooling fluid 99 
flows in the separator 61. 

{0017} On the side face 61b of separator 61 and the side face 62b of separator 
62, concave channels 618B and 628B are formed surrounding the channels 611B 
and 621B, respectively. These concave channels are for housing seals (for 
example, O-rings) made of elastic material for preventing leakage of the cooling 
fluid 99. Furthermore, although what is shown in the diagram is abridged, there 
are concave channels for housing gas seals (for example, O-rings) made of an 
elastic material that serve the purpose of preventing leakage of the cooling fluid 
99 from this location to outside the cooling means. These gas seals are wrapped 
around the openings to the side face 61a of the through-holes 613B and 614B of 
the separator 61, and around the openings to the side face 62a of the through- 
holes 623B and 624B of the separator 62. 

{0018} Since the voltage generated by one fuel battery cell 7 is a low value less 
than 1 volt, many (from several dozen to several hundred) of the unit batteries 6 
that have the aforementioned structure are constructed as a layered body of unit 
batteries that are alternately layered in series such that the generated voltage of 
the fuel battery cell 7 is reliably provided with increased voltage. Figure 9 is a 
structural diagram that schematically shows the major parts of a solid high 
polymer electrolyte fuel battery of the past, where (a) is a side-view diagram, 
and (b) is a top-view diagram. Also, Figure 10 is an explanatory diagram that 
explains the cooling fluid flow passages provided in the solid high polymer 
electrolyte fuel battery shown in Figure 9. Furthermore, in Figure 9, only 
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representative code numbers are shown for the code numbers used in Figures 6- 
8. 

{0019} In Figure 9, 9 is a solid high polymer electrolyte fuel battery (referred 
to below as "stack") whose main body is layers of unit batteries 6 constructed by 
layering multiple unit batteries 6 (Figure 9 shows the case where the number of 
unit batteries 6 is eight). In the stack 9, collector sheets 91 and 91 made of 
electrically conductive material such as copper for extracting the DC power 
generated by the unit batteries 6 from the stack 9, electrical insulation sheets 92 
and 92 made of electrically insulating material for electrically insulating the unit 
batteries 6 and collector sheet 91, and pressurizing sheets 93 and 94 made of a 
metal such as steel arranged on the outside surfaces of the two electrical 
insulation sheets 92, are layered sequentially. An appropriate degree of pressure 
is applied to the pressurizing sheets 93 and 94 from the two outside surfaces by 
means of multiple fastening bolts 95. 

{0020} In unit batteries 6 adjacent to each other, the through-hole 615A 
formed in the separator 61 and the through-hole 626A formed in the separator 
62 are formed so that their openings coincide with each other, as are the 
through-hole 616A formed in the separator 61 and the through-hole 625A 
formed in the separator 62. Also, through-holes not shown in the diagram are 
formed in the collector sheets 91, electrical insulation sheets 92 and pressurizing 
sheet 93 in the locations opposite through-holes 615A and 616A of the separator 
61. In addition, through-holes not shown in the diagram are formed in the 
collector sheets 91, electrical insulation sheets 92 and pressurizing sheet 94 in the 
locations opposite through-holes 625A and 626A of the separator 62. By these 
through-holes, when multiple unit batteries 6 are layered, the respective fuel gas 
flow passages and oxidizer gas flow passages of all of the unit batteries 6 form 
continuous passages connected to each other. 
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{0021} Also, in unit batteries 6 adjacent to each other, the through-hole 613B 
formed in the separator 61 and the through-hole 623B formed in the separator 62 
are formed so that their openings coincide with each other, as are the through- 
hole 614B formed in the separator 61 and the through-hole 624B formed in the 
separator 62. Also, through-holes not shown in the diagram of the same type as 
through-hole 613B are formed in the collector sheets 91, electrical insulation 
sheets 92 and pressurizing sheet 94 in the locations opposite through-holes 613B 
of the separator 61. In addition, on the side face of the pressurizing sheet 93 that 
becomes the outside of the stack 9, piping connectors 98 for the cooling fluid 99 
are connected, opposite the respective through-holes. Also, concave channels 
are formed wrapping around the openings of the through-holes on both sides of 
the electrical insulation sheet 92 and around the openings of the through-holes 
on the side face to which the piping connectors 98 of the pressurizing sheet 93 
are attached. In these channels there are gas seals (for example, O-rings) made of 
an elastic material not shown in the diagram, which serve the purpose of 
preventing leakage of cooling fluid 99 from these locations to outside the cooling 
means. Furthermore, seals not shown in the diagram are also mounted in the 
channels 618B formed on the separator 61. 

{0022} In addition, through-holes and channels not shown in the diagram are 
formed in the collector sheets 91, electrical insulation sheets 92 and pressurizing 
sheet 94 in locations opposite the through-holes 624B of the separator 62 in the 
same way as above. Also, on the side face of the pressurizing sheet 94 that 
becomes the outside of the stack 9, piping connectors 98 for the cooling fluid 99 
are connected, opposite the respective through-holes. Seals not shown in the 
diagram are mounted in these channels, and seals not shown in the diagram are 
also mounted in the channels 628B formed in the separator 62. Thus, when 
multiple unit batteries 6 are layered, the respective oxidizer gas flow passages of 
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the unit batteries 6 form continuous passages connected to each other, as shown 
in Figure 10. 

{0023} As a result, the cooling fluid 99 first flows into one channel 611B 
formed in the separator 61 of the unit battery 6 adjacent to the collector sheet 91, 
via the piping connector 98 (marked as "inlet" in Figure 10) attached to the 
pressurizing sheet 93. Then, it is distributed into the channels 611B and 621B of 
each unit battery 6 via through-holes 613B and 623B, and then it flows out to 
outside the stack 9, via through-holes 614B, 624B and so forth, from the piping 
connector 98 attached to the pressurizing sheet 94. This cooling fluid 99 that has 
flowed out flows in the piping 97, and then again flows into the stack 9 from the 
other piping connector 98 attached to the pressurizing sheet 94. This cooling 
fluid 99 flows into the other channel 621B formed in the separator 62 of the unit 
battery 6 adjacent to the collector sheet 91. Then, it is distributed in the other 
channels 61 IB and 621B of the unit batteries 6 via through-holes 614B and 624B, 
and then drained to outside the stack 9, via through-holes 613B and 623B, from 
the other piping connector 98 attached to the pressurizing sheet 93 (marked as 
"outlet" in Figure 10). 

{0024}The fastening bolts 95 are hexagonal bolts extending over the 
pressurizing sheets 93 and 94. The respective fastening bolts 95 act in concert 
with plate springs and the like for providing stable pressurizing force to the 
hexagonal nuts and so forth that fit on them, pressurizing the unit batteries 6 in 
their direction of layering. The pressurizing force that these fastening bolts 95 
apply to the unit batteries 6 is generally about 5 kg/ cm 2 for the apparent surface 
area of the fuel battery cell 7. 

{0025} In the stack 9 constructed in this way, the reaction gas flows from top 
to bottom with respect to the direction of gravity, as shown by the arrow in 
Figure 9 (a), in the gas flow channels 611 A and 621 A formed in the respective 
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separators 61 and 62. Moreover, the reaction gas is supplied in parallel to the 
multiple unit batteries 6. Also, a PE film 7C used in the fuel battery cell 7 is a film 
that functions as an electrolyte with good proton conductivity due to the fact that 
it is saturated with water as described above, and therefore the reaction gas is 
supplied to the stack 9 while being humidity-adjusted to an appropriate degree 
of humidity. 

{0026} To remove the aforementioned heat generated by the fuel battery cell 
7 of a unit batteries 6, cooling fluid 99, which is tap water, for example, is 
supplied to the stack 9. The fuel battery cell 7 is cooled via separators 61 and 62 
due to the fact that, in the unit batteries 6, this cooling fluid 99 flows in the 
respective channels 61 IB and 621B formed in the separators 61 and 62 as 
described previously using Figure 10 and so forth. As a result, the fuel battery 
cell 7 generally operates in a temperature range of 70-80°C. 

{0027} Furthermore, the number of channels 611B and 621B provided in the 
separators is appropriately selected to correspond more or less to the DC power 
value generated by one fuel battery cell 7, for example, and therefore cases are 
known where the separators have four each of channels 61 IB and 621B. Figure 
11 is a top^view diagram that schematically shows the structure of the major 
parts of a different solid high polymer electrolyte fuel battery of the past that 
uses unit fuel batteries that have this type of separator. Also, Figure 12 is a 
diagram of the separator used in Figure 11 as seen from the direction of arrow Q 
in Figure 11. In Figures 11 and 12, the same code numbers are given to the same 
parts as the unit fuel battery for a solid high polymer electrolyte fuel battery 
shown in Figures 6-8 and the solid high polymer electrolyte fuel battery of the 
past shown in Figure 9, and therefore their explanations are omitted. 
Furthermore, in Figure 11, only representative code numbers are shown for the 
code numbers used in Figures 6-9 and Figure 12. 
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{0028} In Figures 11 and 12, 9A is a solid high polymer electrolyte fuel battery 
(referred to below as "stack") that uses unit fuel batteries 6A (referred to below 
as "unit batteries"), collector sheets 91A, electrical insulation sheets 92A and 
pressurizing sheets 93A and 94A, instead of the unit fuel batteries 6, collector 
sheets 91, electrical insulation sheets 92 and pressurizing sheets 93 and 94 used in 
the stack 9 of the past shown in Figure 9. The unit battery 6A uses separators 
61A and 62A and fuel battery cell 8 instead of the separators 61 and 62 and fuel 
battery cell 7 used in the unit battery 6 shown in Figures 6-8. The separators 61 A 
and 62A differ from the separators 61 and 62 in the fact that they each have four 
channels 61 IB and 621B. Furthermore, in the case where each of these channels 
611B and 621B are differentiated, suffixes A - D are added to the code number 611B 
or 621B as shown for the channel 621B in Figure 12. 

{0029} Also, the fuel battery cell 8 differs from the fuel battery cell 7 in the fact 
that it has four pairs (for a total of 8) of through-holes 72 formed in the PE film 
not shown in the diagram, corresponding to the number of channels 611B and 
621B. As shown in Figure 11, the pressurizing sheets 93A and 94A each have 
four piping connectors 98, which differs from the pressurizing sheets 93 and 94. 
Also, the pressurizing sheet 93A, collector sheet 91A and electrical insulation 
sheet 92A differ from the pressurizing sheet 93, collector sheet 91 A and electrical 
insulation sheet 92 in the fact that through-holes not shown in the diagram are 
formed in locations opposite the respective through-holes 613B of the separator 
61A, and the pressurizing sheet 94A, collector sheet 91A and electrical insulation 
sheet 92A differ from the pressurizing sheet 94, collector sheet 91 and electrical 
insulation sheet 92 in that through-holes not shown in the diagram are formed in 
locations opposite the respective through holes 624B of the separator 62A. 

{0030} For this reason, the flow passage of the cooling fluid 99 in the stack 9A 
is basically the same as the flow passage of the cooling fluid 99 in the stack 9 
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explained using Figure 10 and so forth. The cooling fluid 99 in the stack 9A flows 
inside the stack 9A mainly by passages shown using the dotted lines and arrows 
in Figure 11. That is, the cooling fluid 99 flows into the stack 9 A from the piping 
connector 98 (marked as // inlet ,/ in Figure 11) attached to the pressurizing sheet 
93A. Then, it flows into the layered body of unit batteries via the respective 
through-holes of the pressurizing sheet 93A, collector sheet 91A and electrical 
insulation sheet 92A formed in locations opposite the through-hole 613B formed 
in the channel 611B A , and it flows into the through-holes 613B, 72 and 623B 
connected to the channels 611B A and 621B A , and is distributed in the channels 
611B A and 621B A of the unit batteries 6A. Then, via the respective through-holes 
of the collector sheet 91A, electrical insulation sheet 92A and pressurizing sheet 
94A formed in locations opposite the through-hole 624B formed in channel 
621B A , and through-holes 614B, 72 and 624B connected to channels 611B A and 
621B A , it flows to outside the stack 9A from the piping connector 98 attached to 
the pressurizing sheet 94A. 

{0031} This cooling fluid 99 that has flowed out flows in the piping 97, and 
then again flows into the stack 9A from the piping connector 98 attached to the 
pressurizing sheet 94A. This cooling fluid 99 flows into the channel 621B B formed 
in the separator 62A of the unit battery 6A adjacent to the collector sheet 91 A. 
Then, it is distributed in the channels 611B B and 621B B of the unit batteries 6A via 
through-holes 614B, 72 and 624B connected to channels 611B B and 6216^ and 
then it flows to outside the stack 9A, via the respective through-holes of the 
collector sheet 91A, electrical insulation sheet 92A and pressurizing sheet 93A 
formed in locations opposite the through-hole 613B formed in the channel 611B B 
and through holes 613B, 72 and 623B connected to the channels 611B B and 6216^ 
from the piping connector 98 attached to the pressurizing sheet 93A. This 
procedure is repeated, and finally it is drained to outside the stack 9, via the 



-16- 



JP 8-167424 



respective through holes of the collector sheet 91 A, electrical insulation sheet 92A 
and pressurizing sheet 93A formed in locations opposite the through-hole 613B 
formed in the channel 61 lB^ and through-holes 613B, 72 and 623B connected to 
the channels 611B D and 621B D , from the piping connector 98 (marked as "outlet" 
in Figure 11) attached to the pressurizing sheet 93A. 

{0032} Furthermore, stacks that have a special cooling means instead of using 
separators that have channels through which cooling fluid 99 flow are also 
known. 

{0033} 

{Problems the Invention is to Resolve} In the solid high-polymer 
electrolyte fuel battery of the past described above, there are problems in 
sufficiently performing the function of DC power generation due to the fact that 
the fuel battery cells 7 and so forth are cooled by a cooling fluid 99 via separators 
and so forth, and a temperature suitable for stack operation is maintained. That 
is, in the stacks 9 and 9A of prior art, the distribution of temperature of fuel 
battery cells 7 that have unit batteries 6 and 6A in the direction of layering is high 
in the center in the direction of layering and is low at the two ends in the 
direction of layering, as shown in Figure 13. Here, Figure 13 is a graph that 
shows sample measurements of temperature distribution in a fuel battery cell 
that has unit batteries, in the direction of layering of the unit batteries of a solid 
high polymer electrolyte fuel battery of the past. 

{0034} Due to the fact that the temperature distribution in the direction of 
layering of unit batteries is not uniform, in the fuel battery cells 7 and 8 that are 
at high temperature, the PE film 7C used in the fuel battery cells 7 and 8 dries up 
because evaporation of water is accelerated. On the other hand, due to the fact 
that the temperature distribution in the direction of layering of the unit batteries 
is not uniform, in the fuel battery cells 7 and 8 that are at low temperature, the 
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amount of evaporation of water is reduced in the fuel electrode 7 A and oxidizer 
electrode 7B used in the fuel battery cells 7 and 8. 

{0035} In the dried PE film 7C, the resistivity value increases due to the special 
characteristics of the PE film described above. When the resistivity of the PE film 
increases, the electrical resistance of the PE film increases, and therefore the joule 
loss in the fuel battery cells 7 and 8 increases, and their power generation 
efficiency decreases. Also, in the fuel electrode 7 A and oxidizer electrode 7B 
whose surfaces are covered with water, this water seeps into the electrode and 
hinders diffusion of reaction gas in the electrode, and therefore power 
generation performance decreases. 

{0036} The nonuniformity of temperature distribution in the direction of 
layering of unit batteries that brings about these reductions in performance of 
these stacks is caused by the fact that collector sheets 91 and 91 A, pressurizing 
sheets 93 and 93A and pressurizing sheets 94 and 94A are attached on the two 
ends of the stacks 9 and 9A in the direction of layering of unit batteries, and the 
fact that there is only one fuel battery cell used as the fuel battery cell that is the 
object of cooling of the cooling means formed in the separators on the side of the 
collector sheet of the unit batteries located on the two ends of the stack in cases 
where unit batteries that use separators that have channels through which 
cooling fluid 99 flows are utilized as the unit batteries. That is, the electrically 
conductive material, such as copper, which is used in the collector sheets 91 and 
91A, is also a good conductor of heat. Also, a metal such as steel is used in the 
pressurizing sheets 93, 93A, 94 and 94A due to considerations of mechanical 
strength, but these metals are also good conductors of heat. Because the 
presence of these good heat conductors increases the amount of thermal 
radiation from this location, the temperature at the two ends of the stacks 9 and 
9A is decreased. Also, in a fuel battery cell that has unit batteries arranged on 
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both ends that are cooled on one side by a separator where only one fuel battery 
cell is cooled, the chance of being cooled is larger than that of the fuel battery 
cells arranged in other locations, and the temperature of these fuel battery cells 
decreases. 

{0037} This invention takes a lesson from the problems of the prior art 
described above, and its purpose is to provide a solid high polymer electrolyte 
fuel battery in which the temperature distribution is easily made uniform in the 
direction of layering of the unit batteries. 

{0038} 

{Means for Resolving the Problems} The aforementioned purpose of 
this invention is achieved by the following means: 

1) In a solid high polymer electrolyte fuel battery that has multiple unit fuel 
batteries that have a fuel battery cell that generates DC power by receiving a 
supply of fuel gas and oxidizer gas, and a pair of separators in which gas flow 
channels are formed for supplying fuel gas or oxidizer gas to the fuel battery cell 
and are arranged opposite the two main faces of the fuel battery cell, and these 
unit fuel batteries are made into a layered body of unit fuel batteries in which 
adjacent unit fuel batteries are layered with each other such that the side face on 
the reaction gas passage channel side of one separator is located opposite the 
side face on the reaction gas passage channel side of the separator of an adjacent 
unit fuel battery; and that has collector sheets made of electrically conductive 
material in contact with the outside faces of the separators located on at least 
both ends of the layered body of unit fuel batteries; and electrical insulation 
sheets of these collector sheets that are made of electrically insulating material 
and are in contact with the outside faces of the collector sheets located at least on 
both ends of the layered body of unit fuel batteries; and pressurizing sheets of 
these electrically insulating sheets that provide pressure force to the layered 
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body, collector sheets and electrical insulation sheets of the unit fuel batteries in 
the direction of layering, and that are in contact with the outside faces of the 
electrical insulation sheets located on at least the two ends of the layered body of 
unit fuel batteries; and piping connectors for cooling fluid provided in locations 
to supply and locations to drain cooling fluid that removes heat generated by the 
fuel battery cell; and the cooling fluid that removes heat generated by the fuel 
battery cell is supplied from outside the layered body of unit fuel batteries via a 
piping connector for supply of the cooling fluid, and after cooling the unit fuel 
batteries, is drained to outside the layered body of unit fuel batteries via a piping 
connector for drainage of the cooling fluid; a structure in which exothermic 
bodies heated by the electrical current output by the solid high polymer 
electrolyte fuel battery are formed at locations on the collector sheets that are in 
contact with the outside faces of the separators located at least on the two ends 
of the layered body of unit fuel batteries; or 

2) In the means stated in item 1 above/a structure in which the exothermic j 
bodies formed at locations on the collector sheets are exothermic bodies made of 1 
resistive material in the form of thin sheets sandwiched between the layered 
body of unit fuel cells and the collector sheets; or 

3) In the means as stated in item 1 above, a structure in which the exothermic 
bodies formed at locations on the collector sheets are collector sheets made of 
resistive material; or 

4) In a solid high polymer electrolyte fuel battery that has multiple unit fuel 
batteries that have a fuel battery cell that generates DC power by receiving a 
supply of fuel gas and oxidizer gas, and a pair of separators in which gas flow 
channels are formed for supplying fuel gas or oxidizer gas to the fuel battery cell 
and are arranged opposite the two main faces of the fuel battery cell, and these 
unit fuel batteries are made into a layered body of unit fuel batteries in which 
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adjacent unit fuel batteries are layered with each other such that the side face on 
the reaction gas passage channel side of one separator is located opposite the 
side face on the reaction gas passage channel side of the separator of an adjacent 
unit fuel battery; and that has collector sheets made of electrically conductive 
material in contact with the outside faces of the separators located on at least 
both ends of the layered body of unit fuel batteries; and electrical insulation 
sheets of these collector sheets that are made of electrically insulating material 
and are in contact with the outside faces of the collector sheets located at least on 
both ends of the layered body of unit fuel batteries; and pressurizing sheets of 
these electrically insulating sheets that provide pressure force to the layered 
body, collector sheets and electrical insulation sheets of the unit fuel batteries in 
the direction of layering, and that are in contact with the outside faces of the 
electrical insulation sheets located on at least the two ends of the layered body of 
unit fuel batteries; and piping connectors for cooling fluid provided in locations 
to supply and locations to drain cooling fluid that removes heat generated by the 
fuel battery cell; and the cooling fluid that removes heat generated by the fuel 
battery cell is supplied from outside the layered body of unit fuel batteries via a 
piping connector for supply of the cooling fluid, and after cooling the unit fuel 
batteries, is drained to outside the layered body of unit fuel batteries via a piping 
connector for drainage of the cooling fluid; a structure in which th e collec tor 
sheets have heating means heated by the cooling fluid of which th e tempera ture 
has been raised by cooling the unit fuel batteries; or 

5) In the means as stated in item 4 above, a structure in which the heating 
means of the collector sheets are flow passages for cooling fluid, formed inside 
the collector sheets, through which flows cooling fluid of which the temperature 
has been raised by cooling of the unit fuel batteries. 

{0039} 
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{Op ration} In this invention, in a solid high polymer electrolyte fuel battery 
(stack), 

(1) due to the fact that it has a structure in which exothermic bodies that are 
heated by electrical current output by the stack, such as exothermic bodies made 
of resistive material in the form of thin sheets, are formed at l ocations of t he 
collector sheets that are jn contact with the outside faces of separators located on 
both ends of the layered body of unit fuel batteries (unit batteries) — for example, 
sandwiched between the layered body of unit batteries and the collector 
sheets — current output from the stack flows in the exothermic bodies, and as a 
result, joule heat is produced in the exothermic bodies in proportion to the 
product of the square of the current that flows in the exothermic bodies and the 
electrical resistance of the exothermic bodies. Due to the fact that the value of 
the joule heat generated by these exothermic bodies corresponds to the amount 
of heat radiated from the ends in the direction of layering of the unit batteries of 
the stack, the temperature distribution in the direction of layering of unit 
batteries can be made uniform. 

{0040} (2) In item (1) above, due to the fact that the exothermic bodies formed 
at locations on the collector sheets are collector sheets made of resistive material, 
electrical current output from the stack flows to the collector sheets, and as a 
result, joule heat is produced in the collector sheets in proportion to the product 
of the square of the current that flows in the collector sheets and the electrical 
resistance of the collector sheets. Due to the fact that the value of the joule heat 
generated by these collector sheets corresponds to the amount of heat radiated 
from the ends in the direction of layering of the unit batteries of the stack, the 
temperature distribution in the direction of layering of unit batteries can be 
made uniform, similar to the case of item (1) above. 
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(3) This invention focuses on the fact that the cooling fluid that cools the stack 
is increased in temperature by cooling the stack, and the value of this 
temperature increase is about 10°C in the case of the stack of the example of the 
past. That is, due to the fact that the collector sheets have heating means that are 
heated by the cooling fluid of which the temperature has been raised by cooling 
the unit fuel batteries — for example, flow passages for cooling fluid through 
which flows cooling fluid of which the temperature has been raised by cooling of 
the unit fuel batteries formed inside the collector sheets — the collector sheets are 
well heated via the heating means by cooling fluid of which the temperature has 
been raised. Due to the fact that the amount of heat of the collector sheets 
heated by cooling fluid of which the temperature has been raised corresponds to 
the amount of heat radiated from the ends of the layered body of unit batteries 
of the stack, the temperature distribution in the direction of layering of the unit 
batteries can be made uniform. 

{0041} 

{Implementation Examples} Implementation examples of this invention 
are explained in detail below with reference to the diagrams. 

Implementation Example 1: Figure 1 is a top-view diagram that 
schematically shows the structure of the major parts of a solid high polymer 
electrolyte fuel battery by an implementation example of this invention that 
corresponds to claim items 1 and 2. In Figure 1, the same code numbers are 
given to the same parts as the solid high polymer electrolyte fuel battery of the 
past shown in Figure 9, and therefore their explanations are omitted. 
Furthermore, only representative code numbers are shown for the code 
numbers used in Figures 6-10. In Figure 1,1 is a solid high polymer electrolyte 
fuel battery (below abbreviated as stack) which differs from the solid high 
polymer electrolyte fuel battery of the past shown in Figure 9 in that thin-sheet 
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exothermic bodies 2 are sandwiched between the each collector sheet 91 and the 
unit fuel battery 6 that is adjacent to each respective collector sheet 91. The 
exothermic bodies 2 are thin sheets of resistive material^ su ch as electrothermic 
alloy material (whose volume resistivity is 1.0-1.5 \i£l-m), which is formed having 
the same surface area as the surface area direction dimension of the fuel 
electrode 7 A and oxidizer electrode 7B, and the thickness of the exothermic 
bodies 2 is determined by the current output from the stack 1 such that the joule 
heat value produced by the exothermic bodies 2 is a value that corresponds to 
the heat quantity radiated from the ends in the layered direction of the stack 1. 

{0042} In the implementation example shown in Figure 1, because it is 
constructed as described above, the current output from the stack 1 flow s into 
the respective exothermic bodies 2 in their direction of thickness. For this 
reason, joule heat is produced in the exothermic bodies 2 in proportion to the 
product of the square of the current that flows from the stack 1 and the electrical 
resistance of the exothermic bodies 2, and the ^exothermic Jb^d^JPunction as 
electtic^heaters. The value of this joule heat generated from the exothermic 
bodies 2 nearly corresponds to the heat quantity radiated from the ends of the 
stack 1 in the direction of layering of the unit batteries 6, and it nearly cancels out 
the value of the joule heat generated by the respective exothermic bodies 2. 
Therefore, in the stack 1, the temperature of the fuel battery cells 7 of the 
respective unit batteries 6 can be made nearly the same value in the direction of 
layering of the unit batteries 6. Also, there is the advantage that it is not 
necessary to provide a separate power supply for electric heating for making the 
temperature distribution uniform in the direction of layering of the unit batteries 
6, due to the fact that the output current of the stack 1 that flows the stack 1 is 
utilized. 
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{0043} Impl m ntation example 2: Figure 2 is a top-view diagram that 
schematically shows the structure of the important parts of a solid high polymer 
electrolyte fuel battery by an implementation example of this invention that 
corresponds to Claims 1 and 3. In Figure 2, the same code numbers are given to 
the same parts as the solid high polymer electrolyte fuel battery of the past 
shown in Figure 9, and therefore their explanations are omitted. Furthermore, 
in Figure 2, only representative code numbers are shown for the code numbers 
used in Figures 6-10. In Figure 2, 1A is a solid high polymer electrolyte fuel 
battery (referred to below as "stack") that uses collector sheets 3 instead of 
collector sheets 91 used in the solid high polymer electrolyte fuel battery 9 of the 
past shown in Figure 9. The collector sheets 3 are made using a resistive material 
such as thermoelectric alloy (whose volume resistivity is 1.0-1.5 )nQ-m). The 
electrical resistance value of the collector sheets 3 is determined so that the value 
of joule heat produced in the collector sheets 3 by current output from the stack 
1A corresponds to the heat radiated from the ends in the direction of layering of 
the stack 1 A. 

{0044} In the implementation example shown in Figure 2, because it has the 
structure described above, current output from the stack 1A flows into the 
respective collector sheets 3. For this reason, joule heat is produced in the 
collector sheets 3 in proportion to the product of the square of the current that 
flows from the stack 1 A and the electrical resistance of the collector sheets 3, and 
the collector sheets 3 function as electric heaters. The value of this joule heat 
generated from the collector sheets 3 nearly corresponds to the heat quantity 
radiated from the ends of the stack 1A in the direction of layering of the unit 
batteries 6, and it nearly cancels out the value of the joule heat generated by the 
respective collector sheets 3. Therefore, in the stack 1A, the temperature of the 
fuel battery cells 7 of the respective unit batteries 6 can be made nearly the same 
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value in the direction of layering of the unit batteries 6. Also, compared to the 
stack 1 by implementation example 1, the stack 1 A by implementation example 2 
has the advantage that the temperature distribution in the direction of layering 
of the unit batteries 6 can be made uniform without increasing the number of 
parts, because the exothermic bodies 2 are unnecessary. Furthermore, the stack 
1A also has the advantage that it is not necessary to provide a separate power 
supply for electric heating for making the temperature distribution uniform in 
the direction of layering of the unit batteries 6, due to the fact that the output 
current of the stack 1 A that flows the stack 1 A is utilized. 

{0045} Implementation example 3: Figure 3 is a top-view diagram that 
schematically shows the structure of the important parts of a solid high polymer 
electrolyte fuel battery by an implementation example of this invention that 
corresponds to Claims 4 and 5. Figure 4 (a) is an oblique diagram of one of the 
collector sheets shown in Figure 3 seen from the direction of arrow R in Figure 3, 
and Figure 4 (b) is this collector sheet seen from arrows A-A in Figure 4 (a). 
Also, Figure 5 (a) is a diagram of the other collector sheet shown in Figure 3 seen 
from the direction of arrow S in Figure 3, and Figure 5 (b) is this collector sheet 
seen from arrows B-B in Figure 5 (a). In Figure 3, the same code numbers are 
given to the same parts as in the solid high polymer electrolyte fuel battery of a 
different example of the past shown in Figure 11 and the collector sheets used in 
the solid high polymer electrolyte fuel battery of a different example of the past 
shown in Figure 11, and therefore their explanations are omitted. Furthermore, 
in Figure 3, only representative code numbers are shown for the code numbers 
used in Figures 4-12. 

{0046} In Figure 3, IB is a solid high polymer electrolyte fuel battery (referred 
to below as "stack") that uses collector sheets 4, collector sheets 5, pressurizing 
sheets 93B and electrical insulation sheets 92B instead of collector sheets 91A, 
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pressurizing sheets 93A on the side toward the "inlet'' and "outlet" of cooling 
fluid 99, and electrical insulation sheets 92A, respectively, used in the solid high 
polymer electrolyte fuel battery 9 A of the past shown in Figure 11. The collector 
sheet 4 differs from the collector sheet 91A in that it has holes with bottoms 42 
instead of through-holes connected to the "outlet" of cooling fluid 99 inside the 
through-holes formed in locations opposite the respective through-holes 613B of 
the separators 61 A, and it has boles with bottoms 43 and a flow passage 44 of the 
cooling fluid 99 which is the heater. That is, the collector sheet 4 has through- 
holes 41 in locations opposite the through-holes 613B formed in the channels 
611B of the separator 61A. Among the through-holes 41, through-hole 41 A is 
formed in a location opposite through-hole 613B formed in channel 611B A , 
through-hole 41 B is formed in a location opposite through-hole 613B formed in 
channel 61 lB^ and through-hole 41 c is formed in a location opposite through- 
hole 613B formed in channel 611B C . 

{0047} 45 and 45 are through-holes formed opposite through-holes 615A and 
616A on the reaction gas inflow side among through-holes 615A and 616A of 
separator 61 A. 46 is a terminal for extracting the output current of the stack IB. 
A through-hole 47 formed in the terminal 46 is provided as necessary to allow 
passage of a fastening bolt 95, and a through-hole 48 is provided as necessary to 
attach a connector not shown in the diagram that extracts the output current. A 
hole with a bottom 42 is opened toward the side of the side face 4a that contacts 
the separator 61A, and a hole with a bottom 43 is opened toward the side 
opposite side face 4a. The two holes with bottoms 42 and 43 are joined inside the 
collector sheet 4, and a flow passage 44 of cooling fluid 99 is formed as shown in 
the diagram. Also, this hole with a bottom 42 is formed in a location opposite 
the through-hole 613B formed in the channel 611B D of the separator 61 A. 
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{0048} The collector sheet 5 differs from the collector sheet 91A in that a hole 
with a bottom 52 is provided instead of the through-hole that connects to the 
channel 621B C of the separator 62A inside the through-hole formed in locations 
opposite the through-holes 624B, and a hole with a bottom 53 is provided instead 
of the through-hole that connects to the channel 621B D of the separator 62A, and 
a flow passage 54 of cooling fluid 99 which is a heater is provided. That is, in the 
collector sheet 5, through-holes 51 are formed in locations opposite the through- 
holes 624B formed in the channels 621B of the separator 62A. Among these 
through-holes 51, through-hole 51 A is formed in a location opposite through- 
holes 624B formed in the channel 621B A/ and through-hole 51 B is formed in a 
location opposite through-holes 624B formed in the channel 621B B . 55 and 55 are 
through-holes formed opposite through-holes 625A and 626A on the reaction 
gas outflow side among through-holes 625 A and 626A of separator 62A. 56 is a 
terminal for extracting the output current of the stack IB, similar to the terminal 
46 of the collector sheet 4. A through-hole 57 formed in the terminal 56 is 
provided as necessary to allow passage of a fastening bolt 95, and a through-hole 
58 is provided as necessary to attach a connector not shown in the diagram that 
extracts the output current. A hole with a bottom 52 and a hole with a bottom 53 
are opened toward the side of the side face 5a that contacts the separator 62A. 
The two holes with bottoms 52 and 53 are joined inside the collector sheet 5, and 
a flow passage 54 of cooling fluid 99 is formed as shown in the diagram. 

{0049} The pressurizing sheet 93B and electrical insulation sheet 92B differ 
from the pressurizing sheet 93A and the electrical insulation sheet 92A in that 
through-holes are formed in locations opposite the holes with bottoms 43 of the 
collector sheet 4. Also, a piping connector 98 of the "outlet" of cooling fluid 99 is 
attached to the pressurizing sheet 93B in the locations of these through-holes of 
pressurizing sheet 93B. 
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{0050} The flow passage of the cooling fluid 99 in stack IB constructed as 
described above is exactly the same as the flow passage of cooling fluid 99 in 
stack 9 A, as far as the fact that cooling fluid 99 flows in through-holes 613B, 72 
and 623B connected to channels 611B C and 621B C of the respective unit batteries 
6 A, and it branches in the respective channels 611B C and 621 B c , and it flows in the 
through-holes 614B, 72 and 624B connected to channels 611B C and 621B C/ and 
then it flows out from through-hole 624B of the channel 621B C formed in the 
separator 62A of the unit battery 6A adjacent to the collector sheet 5. 

{0051} In the stack IB, after the cooling fluid 99 flows out from the through- 
holes 624B of the channel 621B C , it flows in the following path. That is, first, it 
flows inside the flow passage 54 of the collector sheet 5 from the holes with 
bottoms 52 of the collector sheet 5, then it flows into the layered body of unit 
batteries via through-holes 624B of the unit batteries 6A from the holes with 
bottoms 53 of the collector sheet 5. Therefore, piping connector 98 and piping 97 
are unnecessary in this path. 

{0052} Similar to the case of the stack 9 A, the cooling fluid 99 that has re- 
entered the layered body of unit batteries from the through-holes 624B of the 
channel 621B D flows in the through-holes 641B, 72 and 624B connected to the 
channels 611B D and 621B D , and it branches in the channels 611B D and 6213^ and it 
flows into the through-holes 613B, 72 and 623B connected to the channels 611B D 
and 621B D , and then flows out from the through-holes 613B of the channel 611B D 
formed in the separator 61 A of the unit battery 6A adjacent to the collector sheet 
4. In the stack IB, the cooling fluid 99 that has flows out from the through-holes 
613B of the channel 611BD flows from the hole with bottom 42 of the collector 
sheet 4 into the flow passage 44 of the collector sheet 4, and then it flows from 
the hole with bottom of the collector sheet 4 into a through-hole opposite the 
hole with bottom 43 formed in the electrical insulation sheet 92B. Then, it is 
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drained to outside the stack IB from an "outlet" piping connector 98 attached in 
the location of the through-hole opposite the hole with bottom 43 formed in the 
pressurizing sheet 93B. 

{0053} In the implementation examples shown in Figures 3-5, because they 
have the structure described above, the cooling fluid 99 of which the 
temperature has been raised by flowing through the layered body of unit 
batteries 6A flows inside the flow passages 44 and 54 which are heating means of 
the collector sheets 4 and 5. The amount of temperature rise of this cooling fluid 
99 is about 10°C as described in the Operation section. On the other hand, the 
temperature difference of the fuel battery cells of each unit battery in the 
direction of layering of the unit batteries, which was a problem in the case of the 
stack of prior art, is about 5°C as shown in Figure 13. Therefore, if the cooling 
fluid that cooled the stack that has this temperature rise of 10°C is used, the 
temperature difference of the fuel battery cells of each unit battery in the 
direction of layering of the unit batteries can be reduced without using a separate 
heating source. 

{0054} That is, the collectors sheets 4 and 5 that have flow passages 44 and 54 
as shown in the diagram are made of electrically conductive material that is also 
a good conductor of heat, and they are heated across the entire surface and are 
well heated by the cooling fluid 99 due to the fact that the cooling fluid 99 of 
which the temperature was raised flows in these flow passages 44 and 54. As a 
result, the difference in temperature in the direction of layering of the unit 
batteries 6A can be reduced. Also, the electrical insulation sheets 92A and 92B 
used in the stack IB are made using electrically insulating material, and this 
electrically insulating material generally has smaller thermal conductivity than 
the electrically conductive material used in the collector sheets 4 and 5. In such a 
case, the heating of the collector sheets 4 and 5 can be performed efficiently by 
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the heat of the cooling fluid 99 of which the temperature was raised, which does 
not have a large temperature difference from the temperature of the unit 
batteries 6A. This is very beneficial in heating the collector sheets 4 and 5 by 
cooling fluid 99 of which the temperature was raised. 

{0055} Also, the structure of the stack IB also has the advantage that it is not 
necessary to separately provide piping and piping connectors in the attempt to 
reduce the temperature difference of the fuel battery cells of each unit battery in 
the direction of layering of the unit batteries, because the cooling fluid 99 of 
which the temperature was raised can be made to flow directly into the flow 
passages 44 and 54 formed in the collector sheets 4 and 5. Also, compared to the 
stacks 1 and 1A of implementation examples 1 and 2, the stack IB of 
implementation example 3 makes it unnecessary to generate joule heat inside 
exothermic bodies 2 in stack 1 in the attempt to make the temperature 
distribution uniform in the direction of layering of the unit batteries 6A due to 
the fact that the cooling fluid 99 of which the temperature has been raised can be 
utilized. As a result, there is the advantage that the output power of the stack IB 
can be increased at least by the amount of this joule heat. 

{0056} In the explanation of implementation example 3 up to this point, the 
collector sheets 4 and 5 have special flow passages 44 and 54, but they are not 
limited to this. For example, for the flow passages through which flows the 
cooling fluid 99 of which the temperature has been raised of the collector sheets 4 
and 5, it is possible to appropriately set the shape of the flow passages, the piping 
locations, the division of the flow passages into multiple branches, and the 
locations of the inlet and output of the cooling fluid 99 in the collector sheets 4 
and 5 depending on conditions such as the temperature distribution in the 
direction of surface area of the fuel battery cells, the temperature increase value 
between the "inlet' 7 and "outlet" of the cooling fluid 99, and configuration of the 
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stack, and the temperature differential in the direction of layering of the unit 
batteries of the stack in the center of the fuel battery cells of each unit battery. 

{0057} Also, in the explanation of implementation example 3 up to this point, 
the heating means provided in the collector sheets of the solid high polymer 
electrolyte fuel battery is flow passages of the cooling fluid 99 formed inside the 
collector sheets, but it is not limited to this. For example, it can be a heater that is 
heated by the cooling fluid 99 adjacent to the collector sheets. Also, in the 
explanation of implementation example 3 up to this point, in the layered body of 
unit batteries 6A, the cooling fluid 99 flows through a cooling means formed in 
the separators 61 A and 62A of the unit batteries 6A, but it is not limited to this. 
For example, for the unit batteries, it is possible to use separators that do not 
have a cooling means through which the cooling fluid 99 flows, but instead to 
use a special cooling body. The cooling fluid 99 that flows through this special 
cooling body flows through suitable piping, and is supplied the collector sheets 
or a heating body that is heated by the cooling fluid 99 adjacent to the collector 
sheets. 

{0058} In the explanations of implementation examples 1-3 up to this point, 
implementation example 3 attempts to reduce the temperature difference in the 
direction of layering of the unit batteries using only the structure according to 
implementation example 3, but it is not limited to this. For example, it can use a 
structure that utilizes both implementation example 3 as well as implementation 
example 1 or 2. 

{0059} 

{Effect Of the Invention} In this invention, the following effects are 
displayed due to the structure described above. 

(1) The temperature distribution in the direction of layering of unit fuel 
batteries can be made uniform; also, 
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(2) From item (1) above, the problem of an increase in resistivity of the solid 
high polymer electrolyte film due to drying of the solid high polymer electrolyte 
film and the problem of hindrance of diffusion of reaction gas in the electrode 
due to seepage of water into the electrode are resolved, and it is possible to 
improve various types of performance such as output performance of the solid 
high polymer electrolyte fuel battery; also 

(3) In obtaining the effects of items (1) and (2) above, it is not necessary to 
provide a separate heating source or power supply for heating, and therefore a 
solid high polymer electrolyte fuel battery in which various types of 
performance such as the aforementioned output performance are improved can 
be obtained with only a slight increase in manufacturing costs; also, 

(4) In obtaining the effects of items (l)-(3) above, there is no increase in the 
number of parts due to the fact that the exothermic bodies formed in locations 
on the collector sheets are collector sheets made of resistive material, and 
therefore a solid high polymer electrolyte fuel battery in which various types of 
performance such as the aforementioned output performance are improved can 
be obtained with inexpensive manufacturing costs; and also, 

(5) In obtaining the effects of items (l)-(3) above, the output value of the 
aforementioned solid high polymer electrolyte fuel battery can be improved 
because it is unnecessary to generate joule heat to make the temperature 
distribution uniform in the direction of layering of the unit fuel batteries due to 
the fact it is a structure that has a heater by which the collector sheets are heated 
by cooling fluid of which the temperature has been increased by cooling the unit 
fuel batteries — for example, a flow passage for cooling fluid in which cooling 
fluid of which the temperature has been increased by cooling of the unit fuel 
batteries formed inside the collector sheet. 
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{Brief Explanation of the Diagrams} 

{Figure 1} Top-view diagram that schematically shows the important parts 
of the structure of a solid high polymer electrolyte fuel battery by an 
implementation example of this invention that corresponds to Claims 1 and 2 

{Figure 2} Top-view diagram that schematically shows the important parts 
of the structure of a solid high polymer electrolyte fuel battery by an 
implementation example of this invention that corresponds to Claims 1 and 3 

{Figure 3} Top-view diagram that schematically shows the important parts 
of the structure of a solid high polymer electrolyte fuel battery by an 
implementation example of this invention that corresponds to Claims 4 and 5 

{Figure 4} (a) is an oblique diagram of one of the collector sheets shown in 
Figure 3 seen from the direction of arrow R in Figure 3, and (b) is this collector 
sheet seen from arrows A- A in Figure 4 (a) 

{Figure 5} (a) is a diagram of the other collector sheet shown in Figure 3 

i 

seen from the direction of arrow S in Figure 3, and (b) is this collector sheet seen 
from arrows B-B in Figure 5 (a) 

{Figure 6} Side-view cross-sectional diagram that schematically shows, in the 
exposed state, the important parts of a general example of a unit fuel battery of a 
solid high polymer electrolyte fuel battery 

{Figure 7} Oblique diagram that schematically shows the unit fuel battery of 
Figure 6 in the exposed state 

{Figure 8} Diagram of a separator of the unit fuel battery seen from the 
direction of arrow P in Figure 6 

{Figure 9} Structural diagram that schematically shows the major parts of a 
solid high polymer electrolyte fuel battery of the past, where (a) is a side-view 
diagram, and (b) is a top-view diagram 



-34- 



JP 8-167424 



{Figure 10} Explanatory diagram that explains the cooling fluid flow 
passages provided in the solid high polymer electrolyte fuel battery shown in 
Figure 9 

{Figure 11} Top-view diagram that schematically shows the structure of the 
major parts of a different solid high polymer electrolyte fuel battery of the past 

{Figure 12} Diagram of the separator used in Figure 11 as seen from the 
direction of arrow Q in Figure 11 

{Figure 13} Graph that shows sample measurements of temperature 
distribution in a fuel battery cell that has unit batteries, in the direction of 
layering of the unit batteries of a solid high polymer electrolyte fuel battery of 
the past. 

{Key to Figures} 

1 Solid high polymer electrolyte fuel battery (stack) 

2 Exothermic body 
6 Unit battery 

91 Collector sheet 



{Figure 1} Key: 

1 Solid high polymer electrolyte fuel battery (stack) 

2 Exothermic body 
6 Unit battery 

91 Collector sheet 

Top left: "Inlet" 
Bottom left: "Outlet" 

{Figure 3} Key: 

Bottom left: "Outlet" 

{Figure 13} Key 

Y-axis label: Temperature at center of fuel battery cell 
X-axis label: Position of fuel battery cell 

One end of stack Center of stack Other end of stack 
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{Figure 10} K y 

Bottom left: "Inlet" 
Bottom right: "Outlet 

{Figure 11} Key 

Top left: "Inlet" 
Bottom left: "Outlet" 
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